Background. Recurrence score (RS) testing in earlystage, ER-positive breast cancer is used to predict the benefit of adjuvant chemotherapy for disease recurrence and overall survival. TAILORx results decreased the ambiguity of ''intermediate risk'' RS by creating a binary classification system. We aimed to determine how women C 70 years with intermediate RS were redistributed postTAILORx and to identify predictors of low RS. Methods. Patients C 70 years with early-stage, nodenegative, ER-positive breast cancers in the National Cancer Database(2006Database( -2014 were included. ''Pre-TAILORx'' RS were classified as low (0-17), intermediate (18) (19) (20) (21) (22) (23)(24)(25)(26)(27)(28)(29)(30), and high ([ 30). ''Post-TAILORx'' RS were classified as low (0-25) and high ([ 25). Results. In total, 14,925 women were included. Average age was 74 years. 60% (n = 9009) had low pre-TAILORx RS, 31% (n = 4635) intermediate, and 9% (n = 1281) high. Of 4635 patients with intermediate RS, 72% (n = 3660) were reclassified to low RS. Only 12% (n = 1783) of patients received chemotherapy. Of patients with preTAILORx intermediate RS who received chemotherapy, 55% (n = 417) would have been spared chemotherapy by being reclassified with low RS post-TAILORx. The strongest predictor of post-TAILORx low RS was tumor grade; 95% of well-differentiated had low RS, compared with 56% of poorly/undifferentiated tumors (p \ 0.001). Smaller tumor size also was associated with low RS. Age was not associated with RS. Conclusions. With post-TAILORx RS criteria, the vast majority of patients C 70 years can be classified as lowrisk and unlikely to benefit from chemotherapy. Given that the elderly have greater rates of chemotherapy-associated complications, reconsideration of routine RS testing in patients C 70 years is warranted. Tumor grade and size also may inform the decision to omit RS testing.
In 1989, the National Surgical Adjuvant Breast and Bowel Project (NSABP) published results from a randomized clinical trial (B-14) investigating the use of adjuvant endocrine therapy for women \ 70 years of age with early-stage, estrogen receptor (ER)-positive, nodenegative breast cancers. Compared with placebo, tamoxifen resulted in improved recurrence-free survival (RFS). 1 Subsequently, B-20 was initiated to investigate the use of adjuvant chemotherapy in addition to tamoxifen for earlystage, ER-positive, node-negative cancers. This study found an advantage in both RFS and overall survival (OS) in patients who received chemotherapy in addition to tamoxifen. Interestingly, these advantages were the greatest in younger women, specifically those \ 50 years of age. 2 Long-term findings showed that the vast majority of patients do not experience a disease recurrence in 10 years, even without chemotherapy; 10-year RFS in women treated with tamoxifen alone was found to be 78% in patients enrolled in B-14 and 79% of patients enrolled in B-20. Long-term results from B-20 again demonstrated greater benefit of adjuvant chemotherapy in younger women; a progressive reduction in recurrence was seen with increasing age at surgery in patients treated with tamoxifen but not chemotherapy. 3 Given these relatively low risks of recurrence, a 21-gene assay was developed and used to create a classification system to identify women at high risk of recurrence and thus most likely to benefit from chemotherapy. These recurrence score (RS) risk categories (low: RS \ 18, intermediate: [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , high: [ 30) were used to guide adjuvant treatment decisions. However, best practices for women with intermediate scores remained unclear, with systemic treatments prescribed using a combination of patient and tumor characteristics, and physician preference, rather than evidence-based, objective tools. 4 The TAILORx study sought to determine the benefit of chemotherapy in these intermediate RS patients, randomizing patients with a RS of 11-25 to receive a combination of chemotherapy followed by endocrine therapy or endocrine therapy alone. 5 These adjuvant therapy regimens resulted in similar disease-free survival (DFS), RFS, and OS. 5 Application of these results decreased the ambiguity of an ''intermediate risk'' RS by stratifying scores into a binary classification system (low: 0-25, high: [ 25). 5 However, the benefit of chemotherapy in elderly women and best practices for this age group remains unknown.
The uncertain benefit of chemotherapy in elderly patients is multifactorial, including the decreased benefit seen in elderly patients receiving chemotherapy in B-20, the heterogeneity in the health and functional status of older patients, and the increased risks in overtreatment with chemotherapy in elderly patients. 2, 3, 6 Thus, it is critically important in this age group to accurately risk stratify women based on risk of recurrence.
Our goals were to (1) determine how women C 70 years of age with intermediate recurrence scores were redistributed using post-TAILORx criteria, (2) to determine the rates of adjuvant chemotherapy utilization in these patients, and (3) to identify predictors of low RS, based on TAILORx criteria using a large national database.
METHODS

National Cancer Database
The National Cancer Database (NCDB) is a collaboration between the American College of Surgeons Commission on Cancer and the American Cancer Society. 
Statistical Analysis
Statistical analysis was conducted using SAS Version 9.4 (SAS Institute Inc., Cary, NC) and SAS macros or software developed at the Biostatistics and Bioinformatics Department at Winship Cancer Institute. 8 Statistical significance was predefined as two-tailed p \ 0.05. Descriptive statistics for each variable were reported. The percentage of patients with low RS via both pre-and postTAILORx criteria, intermediate RS via pre-TAILORx and low RS via post-TAILORx criteria, intermediate RS via pre-TAILORx and high RS via post-TAILORx criteria, and high RS via both pre-and post-TAILORx criteria were calculated. The univariate association between each covariate and study outcomes (receipt of chemotherapy and low or high post-TAILORx RS) was assessed using the Chi squared test. The multivariable association between age, tumor size, and tumor grade and low RS was assessed using logistic regression and reported as odds ratios (OR) with corresponding 95% confidence intervals (CI).
RESULTS
Patient Characteristics
A total of 14,925 women C 70 years of age with T1-T2, N0, ER-positive, HER2-negative breast cancer were included. Mean age was 74 years. Seventy-six percent (n = 11,355) and 26% (n = 3750) of women had T1 tumors and well differentiated histology, respectively. Twelve percent of women (n = 1783) received chemotherapy. Sixty percent (n = 9009) had a low RS based on preTAILORx criteria, 31% (n = 4635) intermediate RS, and 9% (n = 1281) high RS. Of women initially classified with intermediate RS, 79% and 21% were reclassified to low and high RS, respectively ( Table 1) .
Receipt of Chemotherapy
Using pre-TAILORx criteria, 2% (n = 200) of patients with low RS, 17% (n = 753) with intermediate RS and 65% (n = 830) with high RS received chemotherapy (p \ 0.001). Using post-TAILORx criteria, 5% (n = 617) of patients with a low RS received chemotherapy compared with 52% (n = 1166) with high RS (p \ 0.001). Of the patients with intermediate RS before TAILORx who received chemotherapy, 55% (n = 417) would have been spared chemotherapy by being reclassified with low RS after TAILORx ( Table 2) .
Predictors of Low-Risk Recurrence Score
On univariate analysis, age, T stage, tumor size, tumor grade, and lymphovascular invasion were associated with post-TAILORx low RS. Specifically, younger age, T1 tumors, well differentiated tumors, smaller tumor size, and absence of lymphovascular invasion were more likely to be associated with a low RS (Tables 3 and 4) . On multivariable analysis, higher tumor grade (moderately differentiated vs well differentiated: OR 0.43, 95% CI 0.36-0.51; poorly differentiated vs well differentiated: OR 0.07, 95% CI 0.06-0.09, all p \ 0.001) and T2 tumors (T2 vs T1: OR 0.83, 95% CI 0.71-0.96, p = 0.015) were significantly less likely to be associated with a low RS, while increasing age and lymphovascular invasion were not associated with RS (Table 4) .
DISCUSSION
Since the development of the 21-gene RS assay in 2004, RS testing has been adopted to guide adjuvant therapy decisions. Partin and colleagues found a threefold increase in the percentage of patients receiving RS testing in the first 5 years after development, with 50% of patients receiving RS testing in 2009. 9 Since that time, RS testing has become incorporated into practice guidelines, with the American Society of Clinical Oncology and the National Comprehensive Cancer Network including RS testing in their guidelines in 2007 and 2008, respectively. 10, 11 The RS now forms the backbone of the prognostic staging groups presented in the 8th edition of the AJCC Cancer Staging manual, highlighting the importance of disease biology in staging and treatment decision making. 12 After B-20 showed benefit of chemotherapy in addition to tamoxifen, the majority of women with ER?, nodenegative breast cancer were recommended to receive adjuvant chemotherapy, mostly based on T stage. 2 The development of the 21-gene RS allowed for a more nuanced understanding of tumor biology and potential benefit from chemotherapy. 4 Paik and colleagues demonstrated that patients included in B-20 did not benefit equally from chemotherapy when stratified by RS; patients with high RS benefited greatly from chemotherapy, whereas patients with low RS did not. Patients with intermediate RS did not appear to benefit from chemotherapy; however, the uncertainty in the relative risk estimate did not definitively exclude a clinically relevant benefit for these patients. 13 Thus, a large degree of uncertainty in treating these patients remained, until TAILORx allowed for a binary classification system, reclassifying 69% of women enrolled in the study from intermediate to low risk of distant recurrence. 5 Given that the majority of women are classified as low risk and unlikely to benefit from chemotherapy, the question arises as to whether recurrence score testing is mandated in all women with early stage, ER?, node-negative breast cancer. Although increasing age is the primary risk factor for breast cancer, multiple studies have shown breast cancers in elderly women to have more indolent, lower risk features compared with tumors in younger women, which likely explains why younger women have been shown to derive greater benefit from chemotherapy; low-risk tumors rarely require chemotherapy due to low rates of recurrence. 2, 14, 15 A study using data from the San Antonio Breast Cancer Database and the Surveillance, Epidemiology, and End Results Database found that tumors in elderly women were more likely to have normal p53 expression and lower proliferative indices compared with tumors in younger women. 14 Gennari and colleagues, in a single-institution study of 2999 women, found that breast cancer in elderly women is also more likely to be estrogen receptor expressing, less likely to be HER2 overexpressing, and less likely to have peritumoral vascular invasion compared with breast cancer in younger women. 15 Similarly to these studies, we found that the majority of elderly women in our cohort also had indolent tumors, as reflected by well or moderate differentiation.
Although elderly women are a heterogeneous group in terms of health status, on the whole elderly cohorts have higher rates of comorbid conditions. In elderly women with breast cancer, comorbid conditions have been shown to impact overall survival to a much greater degree than breast cancer. After 12 years of follow-up in a study of women C 70 with early-stage, ER? breast cancer, Hughes and colleagues found that only 3% of patients had died due to breast cancer, whereas 49% died due to other causes. 16 These findings were mirrored in recent data published from Japan in which OS was significantly worse with increasing age, however breast cancer specific survival (BCSS) was not, indicating comorbidities are contributing to mortality at a greater rate than breast cancer recurrence in elderly women. 17 This is especially important to keep in mind when considering adjuvant therapies that can be associated with significant complications. Given the heterogeneity in the health status of older patients and increased rates of comorbidities, treatment decisions must be individualized in order to deliver the best possible care to this population.
Receipt of chemotherapy in the elderly can be associated with significant complications, morbidity, hospitalization, and decreases in cognitive and functional status. The extent of these complications varies with the overall health of the individual and with her comorbidities. Adjuvant chemotherapy in breast cancer has been associated with a threefold risk of acute kidney injury, and, emphasizing the interaction of comorbidities with chemotherapy, elderly patients with diabetes have been shown to have significantly increased odds of hospitalization for any chemotherapy toxicity, for infection or fever, and for neutropenia or anemia. 18, 19 Adjuvant chemotherapy leads to hospitalization rates from 13 to 24% in elderly women, contributing to significant declines in functional status and quality of life in 30-60% of patients. 6, 20, 21 The goals and wishes of the patients themselves in this unique population are important to consider when making adjuvant treatment decisions, where independent living and preservation of mental faculties may be a higher priority than modest recurrence gains.
The concept of tailoring adjuvant therapy in elderly patients with early breast cancer is not new. In the CALGB 9343 study, Hughes and colleagues studied the effect of adjuvant radiation combined with endocrine therapy compared to endocrine therapy alone in women C 70 years. Radiation provided a small, yet significant benefit in locoregional recurrence (LRR). 16 However, this benefit did not translate into a benefit in OS or distant DFS, leading to the conclusion that adjuvant radiation may be omitted after breast conservation surgery (BCS) in elderly women C 70. 16 Similarly, in the PRIME II study, Kunkler and colleages considered omission of adjuvant radiation after BCS in women C 65 years old with low risk tumors. Radiation was associated with a modest reduction in LRR at 5 years; however, there were no differences in regional recurrence, distant metastases, contralateral breast cancer, new breast cancers, or OS between those who did and did not receive radiation. 22 Given low LRR rates, the authors concluded that radiation had no effect on long-term outcomes, and omission in select patients was warranted. 22 We advocate for a personalized approach to recurrence score testing in the elderly population (Fig. 1) . The initial consideration for RS testing should be whether a patient is functional enough to tolerate systemic therapy, followed closely by whether or not they would accept said therapy if offered, and these questions are to be decided by detailed discussion and consideration with the patient as the definition of ''tolerate'' is likely to vary amongst individuals. As we demonstrated, tumor grade is the strongest predictor of low RS. Patients with poorly differentiated tumors should be tested, if they are functionally able to tolerate chemotherapy and would be interested in receiving it, as they are significantly more likely than patients with welldifferentiated tumors to have high RS. Our results suggest that 95% of elderly patients with well-differentiated tumors have low RS, and thus testing in this cohort is not a costeffective measure. Patients with moderately differentiated tumors may be electively tested after thorough consideration and discussion with their physician, keeping in mind that 89% will have low RS. Finally, larger tumors can be considered for testing, regardless of grade, provided that the results would change management.
Recurrence score testing is an important adjunct in the personalization of breast cancer treatment. It highlights the importance of tumor biology over standard clinicopathologic measures to guide the receipt of systemic therapy. We advocate for the nuanced use of this test, particularly for elderly patients, to enhance resource utilization in an already overburdened healthcare system. This study has several limitations. Use of a retrospective database naturally is prone to selection bias; however, the NCDB is a large dataset with a comprehensive representation of the national population. Patients without RS data were excluded from analysis, thus excluding patients who were not considered for chemotherapy creating additional risk of selection bias. Only 7% of patients in the NCDB had recurrence score data. The exclusion of patients without recurrence score data likely accounts for the high overall performance status of the patients in our study as likely patients who would not tolerate chemotherapy or would not accept it were not tested. With updated TAILORx data, the majority of women with early stage, node-negative, ER-positive, HER2-negative cancers have a low risk for recurrence. This is particularly true in elderly women with more favorable tumor biology, perhaps making this group of patients an ''ultra-low risk'' cohort. Mortality in this age group is largely due to comorbidities, rather than breast cancer recurrence, and frequently patients in this age group are unwilling to receive chemotherapy. Given that these women have a greater rate of chemotherapy associated complications, and considering increased healthcare costs associated with testing, reconsideration of routine RS testing in patients C 70, especially in those with well-differentiated tumors is warranted. We propose that the decision to use recurrence score testing be individualized in this elderly cohort. In addition to taking into account functional status and ability to tolerate chemotherapy, tumor grade and size also may better inform the decision to use RS, especially in elderly patients with well-differentiated tumors or those who can be considered as being ''ultra-low'' risk. DISCLOSURE None.
